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Classical physics has enabled the acquisition of significant knowledge of the physical properties of nature
on a standard macroscopic scale. These achievements were driven by use of the causal ontological approach
(proposed originally by Aristotle) to formulate models of physical reality. At the beginning of the 20th century,
however, the physics community began to prefer models based on a fundamentally different approach to human
knowledge. Copenhagen quantum mechanics (CQM) was used to describe the micro-world. The special theory
of relativity was used to describe the kinematics of objects moving at high velocity values in both the macro-
scopic and microscopic regions. This phenomenological approach to knowledge has been more focused on how
things appear - instead of their actual properties and causal sequence. In the middle of the 20th century, the
causal ontological approach was used to develop a significant scientific advance: the systematization of funda-
mental strongly interacting particles on the basis of unified algebra in three-dimensional isotopic spin space for
spin values 1, 1/2, and 0. However, it was later strongly deformed under the influence of the phenomenological
approach and the quark model. This paper will show that practically all contemporary theoretical models of
physical reality contain mistakes or unresolved problems. Further scientific progress can be obtained if (and
only if) scientists return to the successful causal ontological approach and falsification. Classical physics may
be slightly generalized to enable the description of inertia mass increase in dependence on velocity, replacing
the relativity theory and CQM. New assumptions may then be employed using generalized classical physics
(GCP) to formulate new descriptions of observed phenomena that were previously inaccurately interpreted and
used to promote fundamentally inadequate theories of physical reality.
Keywords: contemporary state of physical research, causal ontology, phenomenology, falsification, generalized classical
physics
I. INTRODUCTION
Contemporary scientific and technological progress has
been driven by 19th century classical physics and its approach
to knowledge. The 19th century was a time when European
values, closely associated with scientific knowledge, were ac-
cepted by nearly the entire educated world. The advance has
been given by using causal ontological approach to knowl-
edge, as proposed in principle by Socrates and developed
by Aristotle. Corresponding models of physical reality were
compared to observations and further developed, step by step,
when there was a contradiction.
In the 20th century, this approach fell into disuse in favor
of the phenomenological approach. In the phenomenological
approach, it has been sufficient to describe measured quanti-
ties only mathematically. More or less meaningless functions
have been employed to "understand" a physical system and
to make far-reaching conclusions concerning physical reality.
There has been little interest in establishing the real proper-
ties of these systems and the causes responsible for time evo-
lution. A complete picture of the observed physical system
is thus lacking. Systematic analyses of the assumptions (and
consequences) behind these theories are also lacking. It can
therefore be said that the phenomenological approach has es-
sentially impeded any further actual scientific progress.
Three theories have been applied to physical reality: classi-
cal physics in the standard macroscopic region; Copenhagen
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quantum mechanics (CQM) in the microscopic region; and
the special theory of relativity (STR) in the macroscopic and
microscopic regions in cases of systems consisting of objects
having high velocity values. The transitions between these
different regions and theories have, however, remained unex-
plained. The situation became more complicated when the
existence of an inertial mass increase with rising velocity was
observed in the first half of the 20th century (with the help of
electron accelerators).
Generalized classical physics (GCP), employing a slightly
generalized version of Newton’s law, can be substituted for
all three theories. The time change of a particle impulse (not
directly acceleration) is determined by a corresponding force:
F =
dp
dt
=
d(m(v)v)
dt
. (1)
It is necessary only to substitute the constant rest mass val-
ues of individual particles in Hamilton’s equations with corre-
sponding rising velocity functions. This means that all known
observed characteristics of physical reality may be described
on the basis of the causal ontological approach. It is possible
to apply GCP to all regions of physical reality.
This paper is structured as follows: The contemporary sit-
uation in scientific research will be described in sect. II. The
evolution of scientific knowledge since the end of the Mid-
dle Ages will be explained in sect. III. Changes in scientific
approach that were introduced in the past century will be de-
scribed in sect. IV. Sect. V will summarize the main problems
related to the CQM and the STR. One more important prob-
lem concerning classification of fundamental particles will be
mentioned in sect. V. Other mistaken assumptions in contem-
porary physical research (some contained in theoretical alter-
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2natives commonly used since the 19th century) will be ex-
plained in sect. VI. It will be explained in sect. VII that further
scientific and technological progress depends on returning to
the successful causal ontological and falsification approaches
on which basis classical physics evolved. It will be shown
in sect. VII that GCP may be applied to microscopic as well
as macroscopic regions at low and high velocity values and
therefore enables further progress by providing a theoretical
framework for removing mistaken assumptions contained in
other widely used contemporary theories.
II. THE CURRENT SITUATION IN SCIENCE
Contemporary theoretical models constructed on the basis
of the phenomenological approach have been formulated us-
ing mathematical functions to describe sets of measured quan-
tities. But little progress has been made in explaining the ob-
served quantities in terms of the real physical properties of the
system and the physical causal sequences responsible for tran-
sitions from an initial to a final state in space (i.e., time evo-
lution). Insufficiently developed and tested models have been
used to "precisely" determine some quantities (or free param-
eters). The "results" of these models are often misleadingly
denoted as measurements or data. The models have an unclear
or very indirect relation to the properties of the given physi-
cal systems. Usually, a systematic analysis of all involved
assumptions in both methods used for measurement and de-
scriptions of given physical systems has not been performed.
Therefore, it has not been possible to sufficiently study the
impact of these assumptions on the overall picture of the phys-
ical system represented by the models. In many cases, any
partial agreement of a model prediction to experimental data
has been regarded as sufficient to regard the model as true and
experimentally tested. However, most of these experiments
and results have not been reproducible by independent groups
of researchers. The phenomenological approach has unavoid-
ably led to completely false conclusions regarding physical
reality. This situation is an outgrowth of the rejection of ba-
sic Aristotelian logic. Consequently, the conclusions concern-
ing physical reality derived via these models have often been
claimed as big discoveries. But they do not have any real value
to science.
For example, in the case of proton-proton collisions at high
energies, the maximum probability of elastic scattering has
been attributed to events at zero impact parameter (i.e., to
head-on collisions). However, this is a result of analysis of
experimental data and has no analogue in the macroscopic re-
gion. It has been based on poorly reasoned, or even mistaken,
mathematical relations derived from the corresponding colli-
sion models. Protons have been accepted as "transparent" ob-
jects during elastic collisions. However, the particle structures
themselves have never been explained. Many papers devoted
to descriptions of elastic collisions have focused on meaning-
less quantities. They discuss, for example, the determination
of the maximal precision of the meaningless "parameter ρ",
instead of attempting to explain the full physical picture and
to solve known errors and questions contained in the models.
Even after decades of development of the models, these ap-
proaches have not led to any new reliable and relevant result.
Additional detail on descriptions of elastic particle collisions
is discussed in sect. VI B. Papers that sought to analyze the
problem in greater detail, and that were submitted to estab-
lished journals, were rejected on the basis of misleading or
completely wrong (i.e., untrue) argumentation.
Since the end of the 20th century, leading journals have
refused to publish papers containing ideas on fundamental
physics that do not conform to "generally accepted" concepts
- even if these concepts are based on assumptions that have
been shown to be faulty using a causal ontological approach.
Grants and large financial sums have been given to authors
who have published in well-known and established journals.
They continue to be rewarded based on the number of citations
of their papers, even if their work has been proven to be wrong
(i.e., falsified) in papers published in less influential journals
or in publicly available internet archives (e.g., arXiv.org). In
other words, scientific truth has been judged by voting. Truth
has been, and continues to be, misconstrued and emptied of
meaning.
The current situation was described in a 2013 editorial in
The Economist entitled "How science goes wrong" [1]. The
article mostly examined biotechnology. But it is shocking to
consider that science is currently "going wrong" in practically
all regions of fundamental scientific research. There has been
no significant reaction from scientists to this situation.
III. THE EVOLUTION OF SCIENTIFIC KNOWLEDGE IN
THE MODERN PERIOD
To comprehend the contemporary situation, it is necessary
to examine the evolution of scientific knowledge. It can be
said that the development of classical physics represents the
greatest scientific progress in human history. The achieve-
ments of G. Galilei (1564-1642) and I. Newton (1643-1728),
regarded as the founders of classical physics, were brought
about by their use of the causal ontological approach, which
was originally proposed by Socrates (470-399 BC) and de-
veloped by Aristotle (384-322 BC). This approach was not
accepted in Europe until the 13th century, when it was em-
braced by Albert the Great (1200-1280) and other scholars,
who learned of it from Islamic scientists. Texts credited to
Avicenna (980-1037) and Averroes (1126-1198), which ex-
panded on Ancient Greek philosophy, were intensively stud-
ied in Europe. Thomas Aquinas (1225-1274) further devel-
oped the causal ontological approach. It was based on the
assumption that the world in which we live represents the
fundamental source of our rational knowledge. Causal re-
lations (assumptions) between different states and the main
parts of physical systems were formulated based on observa-
tions of the time evolution of corresponding processes. Con-
sequences arising from these assumptions were deduced and
tested. If agreement with corresponding experimental data
was obtained, then the assumptions were accepted as plau-
sible and the consequences were developed further. When
a contradiction was discovered, it also represented important
3knowledge. A contradiction led to the necessity of rejecting
the incorrect set of assumptions and the obligation of finding
new set of assumptions that would correspond to observations.
The falsification approach originally applied to the physi-
cal region (i.e., non-living systems) and was later applied to
individual living entities (i.e., organisms). Many properties
of organisms cannot be explained on purely physical grounds.
Different types of organisms may exist on different levels of
complexity. The properties of lower-level organisms are not
adequate to fully describe all properties of higher-level organ-
isms (e.g., to explain human beings and human society). Ad-
ditional factors must be included to explain the transition from
a lower level to a more advanced level. Without an additional
cause, human beings could not have evolved from lower-level
organisms.
The formulation of human ethical rules was strongly influ-
enced by the falsification approach. In the 19th century, so-
called European values, formulated with the help of the causal
ontological approach and falsification, were accepted by al-
most the entire educated world. All contemporary technolog-
ical progress has been based on this approach to knowledge.
Yet in the modern age, this successful approach has been sub-
stituted by use of the insufficient phenomenological approach,
not only in technological areas but also in areas such as human
ethics, morality and law.
Different possible principles of human knowledge began
to be discussed around the end of the Middle Ages. Some
philosophers wanted to expand interpretations of the so-called
"first cause", and a path parallel to the classical route devel-
oped. R. Descartes (1596-1650) attempted to solve the prob-
lems. However, his formulation "Cogito, ergo sum" ("I think,
therefore I am") most likely had a different (i.e., nearly op-
posite) meaning for him than the interpretation formulated
later on the basis of a purely phenomenological approach (see
J. Locke (1632-1704), D. Hume (1711-1776) and A. Comte
(1798-1857)). The parallel path to the classical route devel-
oped in a positivistic way, based on a phenomenological ap-
proach to knowledge. Many philosophers overestimated the
potential of human reason - and underestimated the impor-
tance of testing and the falsification approach.
The phenomenological approach made a significant impact
on physics in 1867, when L. Boltzmann (1844-1906) declared
as a physical law the increase of entropy (i.e., the phenomeno-
logical characteristic of a macroscopic system was accepted
without considering the real physical processes and properties
of the system). Other bigger, fundamental shifts in scientific
thinking followed in the 20th century, resulting in a series of
mistaken statements that were denoted as authentic physical
results.
IV. CHANGES OF SCIENTIFIC THINKING IN THE 20TH
CENTURY
The earlier mistaking trend was supported significantly by
N. Bohr (in 1913) when basic physical law concerning atom
structure was represented by two phenomenological postu-
lates (one concerning the existence of individual energy levels
and the other one trying to bring the differences between these
levels to harmony with the measured spectra of emitted pho-
tons). These two postulates have been taken as basic natural
laws without looking for any other reasons of corresponding
matter structure. The contemporary situation has been caused,
of course, mainly by the further step of Bohr (in 1927) when
he added some quite arbitrarily chosen (simplifying) assump-
tions to Schrödinger equation and formed Copenhagen quan-
tum mechanics (CQM) [2]. He deformed fully the physical in-
terpretation of the solutions of Schrödinger equation that were
interpreted originally by Schrödinger in the standard classi-
cal sense (particle interpretation) [3]. Common conviction
has existed that Schrödinger equation has differed from clas-
sical physics even without this deformation by Bohr. It has
been, however, shown in the end of the 20th century that this
equation may be derived in the framework of classical physics
which will be discussed in sect. V A.
As to the CQM it was criticized by Einstein on the basis of
causal ontology. He showed (with two coauthors B. Podol-
sky and N. Rosen) [4] in 1935 with the help of a Gedanken-
experiment (denoted commonly as the EPR experiment) that
the theory required the existence of immediate interaction be-
tween two very distant matter objects. He assumed that two
particles produced by a particle decaying in rest and moving
in opposite directions may be detected by two detectors:
||<−−−− 0 −−−−> || (2)
He demonstrated that in the theory the result established in
one detector determined immediately, too, what happened in
the other detector, or that both the particles had to be in mu-
tual link (denoted as entanglement at the present), which has
been fully unacceptable in causal ontology. Bohr refused
Einstein’s criticism by arguing that it was based on observa-
tions in macroscopic world while in the microscopic region
the properties may exist. The physical scientific community
supported strongly Bohr’s standpoint while Einstein did not
abandon his standpoint till the end of his life. Since that time
two quite different theories have been assumed to be valid in
macroscopic and microscopic regions of matter world, even if
nobody has been trying to find a boundary between them or
to study how macroscopic objects may consist of so strange
microscopic particles.
The alternative hidden-variable theory appeared then in
1952 when D. Bohm [5] discovered that an additional ("hid-
den") variable was contained in the solutions of Schrödinger
differential equation; the CQM could not be valid in such a
case. And the differences between these two quantum theory
alternatives started to be studied. Later it was shown that also
the causal interpretation of the equation proposed in princi-
ple originally by Schrödinger was to be admitted to hold for
microscopic particles (as only spiral solutions have been ex-
cluded), which will be discussed in more details in sect. V A.
J. Bell [6] tried to decide between these two alternatives. He
generalized the EPR Gedankenexperiment having assumed
that both the particles running in opposite directions had also
opposite spins (two polarizers were assumed to be added):
||<−−−−|α −−−− 0 −−−−|β −−−−> || (3)
4where α and β denoted angle orientations of the correspond-
ing polarizers. The coincidence probabilities of two particles
having passed through differently oriented polarizers were
then measured. Having assumed the existence of a limiting
condition between some individual passage probabilities Bell
derived (in 1964) the following condition for the special com-
bination of four passage probabilities at different polarizer an-
gles:
B = aα1bβ1 +aα1 bβ2 +aα2bβ1 −aα2bβ2 ≤ 2 (4)
It has been then commonly assumed (without any test hav-
ing been performed) that the condition has been valid in
Schrödinger’s particle alternative (not contradicting Einstein’s
criticism) but invalid in Bohr’s one. The corresponding exper-
iment was proposed and performed in 1982 [7] and it has been
concluded
• Bell’s inequalities were clearly violated at some angle
combinations;
• probability of passage of two photons running in oppo-
site directions through polarizers (as shown in (3)) in
dependence on angle between transmission axes of the
polarizers was expressed in the form of the Malus’s law
characterizing the passing of unpolarized light through
two polarizers in standard experiments measuring trans-
mission in dependence on angle between their transmis-
sion axes [8].
Since that time the CQM has been regarded as the only theory
of microscopic world, even if it has been demonstrated later
that the inequality (4) may hold in a classical deterministic
case only.
The attention to the problems concerning consequences of
the CQM has been later called also in the book of R. Newton
[9], having the subtitle: "Einstein was correct, but Bohr won
the game". However, any new results have not been brought
and Bohr’s victory has been taken commonly as the final fact.
The problems have been studied, however, very intensively
in Prague in the last 20 years of the past century and new
results have been obtained [10–13]. It has been possible to
show that the preference of Bohr’s theory has been based on
two mistaking assumptions:
• it has been assumed all the time that the additional
assumption involved in derivation of Bell’s inequali-
ties has corresponded to the hidden-variable theory of
D. Bohm, while in fact it has corresponded to basic clas-
sical physics only (where no spins of photons have been
taken into account);
• it has been stated without any reasoning that the hidden-
variable theory has had to give the predictions differing
significantly from the Malus’s law.
It means that any argument does not exist against Ein-
stein’s conclusion based on causal ontological approach. Ein-
stein was evidently right; and in the past century everyone
was forced to believe in quite unphysical characteristics of
the matter world. The remaining problem of Schrödinger
equation and its interpretation will be further discussed in
sect. V A.
V. THE MAIN CONTEMPORARY OPEN THEORETICAL
PROBLEMS
It is widely accepted that classical physics is valid in the
standard macroscopic region, while quantum physics, based
on Schrödinger’s equation, should be applied in the micro-
scopic region. However, results differing from reality have
been obtained in many cases of CQM proposed by Bohr. In
both the macroscopic and microscopic regions, the special
theory of relativity (differing fundamentally from classical
physics and CQM) has been applied at high velocity values.
Problems and questions concerning the interpretation of
Schrödinger’s equation (which strongly concerns the founda-
tions of CQM) and inertia mass increase with velocity (which
is closely tied to the dependence derived in the framework of
STR) are described in the next two subsections. One further
important problem concerning the classification of strongly
interacting particles (the deformation introduced by SU(3)
group) is discussed in the third subsection.
A. Schrödinger’s Equation and its Interpretation
It is widely believed that Schrödinger’s equation differs
from classical mechanics. However, as mentioned previ-
ously, it was shown at the end of the 20th century that so-
lutions of Schrödinger’s equation represent set of superpo-
sitions of Hamilton’s equations solutions if spiral solutions
(existing in the case of attractive force values) have been ex-
cluded (see [14–17]). In particle interpretation, Schrödinger
equation solutions have always been represented by linear
combinations (superpositions) of simple solutions of classi-
cal Hamilton’s equations, represented by corresponding basic
states (according to the corresponding initial condition). Con-
sequently, Schrödinger’s equation is valid in both the macro-
scopic and microscopic regions, at least for small velocity val-
ues in agreement with Hamilton’s equations.
The advantage of Schrödinger’s equation has existed
mainly in the possibility of describing directly the results of
the evolution of a system if its initial state has been repre-
sented by the superposition of a set of basic states represented
by individual solutions of Hamilton’s equations. Solutions to
Schrödinger’s equation must, of course, be interpreted on the
basis of particle description as it was proposed originally by
Schrödinger in 1926 [3]). However, this was completely ex-
cluded by Bohr in 1928 (see details in sect. IV). Bohr insisted
that incoming and outgoing states (represented by the same
coordinate dependence of amplitude and differing by impulse
sign only) are represented by one vector in the corresponding
Hilbert space, while they lie in two mutually orthogonal sub-
spaces (each involving whole coordinate space) [18]. More
details related to the interpretation of Schrödinger’s equation
and CQM may be found in [10–12, 19].
5B. Inertia Increase with Velocity and the Theory of Relativity
The special theory of relativity differs from classical me-
chanics and CQM mainly at high velocity values. However,
even after more than a century of its existence [20], there are
aspects of the STR that have never been sufficiently explained
and are still questioned and doubted (e.g., see [21], a detailed
treatise that includes historical context and many critical com-
ments). Several basic assumptions (or consequences) of the
theory are often regarded as counterintuitive. For example:
1. finite maximum velocity
The velocity of any moving object cannot exceed the
speed of light in a vacuum c. The relative velocity of
two particles is allowed only to be lower or equal to c
(the relative velocity of two particles, each having speed
c or very close to this value, and moving in opposite
directions is, however, determined to be c and not 2c, as
one would expect).
2. invariance of the speed of light
Light (a moving photon) in a vacuum has the same
value of velocity c in any inertial reference frame. Tak-
ing into account that the speed of any particle or object
in a rest frame is zero by definition, it is "not allowed"
to use a photon rest frame in this theory (the photon rest
frame is inapplicable for a description of physical real-
ity in this theory). Invariance of the speed of light repre-
sents a fundamental assumption of the entire relativity
theory [20]. It is often argued that it is an experimen-
tal evidence, on the basis the famous Michelson-Morley
experiment of 1887 [22]. However, interpretation of the
experiment is complicated by many assumptions. A de-
tailed discussion of the experiment, showing that the
problem is more complicated than is usually presented
(and including the historical context of motivations of
many authors working in this field at that time) is found
in [21].
3. zero rest mass of photon
It is assumed that a photon has zero rest mass and, there-
fore, may move by the speed c in a vacuum. However,
in some physical applications, the non-zero rest mass
had to be assumed if certain calculations were to be
performed. In such cases, the rest mass has been put
at zero value (if the corresponding limit has been calcu-
lated) only in final formulae.
4. relative time (time dilation)
The time elapsed in one reference frame is different
from that elapsed in another inertial reference frame if
it is moving with respect to the first reference frame.
5. relative length (length contraction)
Similarly, the length of objects is relative, in depen-
dence on their speed with respect to a given reference
frame.
6. relativity of simultaneity
Two simultaneous events at different places in one ref-
erence frame may not be simultaneous in another refer-
ence frame (in dependence on the choice of the given
reference frames).
7. invariance of spacetime interval
Spacetime interval between any two events is the same
in any inertial frame. The time coordinate is correlated
to space coordinates in dependence on speed of light c
in a vacuum.
We point out another problem that is not widely known: In
the framework of the STR, it has been derived that inertial
mass will increase with velocity. It has been derived that the
kinetic energy of any particle increases with velocity. It is to
hold Etot(v) = E0 +Ekin(v) where
Ekin(v) = m0c2 (γ(v)−1) (5)
and
γ(v) =
1√
1− ( vc)2 (6)
is the Lorenz gamma factor. E0 = m0c2 represents additional
rest energy derived for inertial mass at zero velocity. It has
been concluded from the gamma factor that the velocity of any
particle cannot exceed the speed of light. It has been derived
that the inertial mass is to increase with rising velocity:
m(v) = m0γ(v) . (7)
At low velocity values, the relativistic formula for kinetic
energy does not differ significantly from the classical formula
Ekin(v)= 12 mv
2 (where m has been regarded as constant). Very
great differences exist at higher velocity values.
The validity of these formulae concerning inertial mass in-
crease with velocity has been fully accepted by the physics
community. This occurred after some increase of inertial
mass with increasing velocity was found in the first half of
the 20th century (with the help of electron accelerator data).
The agreement of the predicted and measured dependences
has been commonly regarded as completely sufficient. How-
ever, comparison of these very basic relativistic formulae to
corresponding experimental data has been very limited. The
systematic measurement of the inertia mass increase of dif-
ferent particle types - across a very broad range of velocities
(including close to the speed of light) - should be performed
and analyzed independently of the assumptions of the STR.
As mentioned in the introduction, Newton’s classical me-
chanics (corresponding to constant mass) may be generalized
if force (acting on a particle) is assumed to define the time
change of particle momentum (see eq. (1)), instead of particle
acceleration according to F = ma, where m = m0 is indepen-
dent of velocity. The increase of inertial mass may be derived
in the framework of standard Hamilton’s equations. In GCP, it
is necessary only to substitute the constant rest mass values of
particles by corresponding velocity functions in the definition
of Hamiltonian in Hamilton’s equations.
In the GCP framework, the various velocity dependencies
of inertial masses may be derived at high velocity values (in
6dependence on the values of existing free parameters). In spe-
cial cases, dependence, corresponding to Newton’s classical
physics or to the STR, may also be obtained [23]. Detailed
theoretical predictions may be derived for corresponding ex-
perimental arrangements and free parameters determined on
the basis of experimental data.
C. Particle Systematics: Original Isotopic Spin Algebra and
the SU(3) Group
The systematics of fundamental strongly interacting par-
ticles (hadrons) was proposed on the basis of isotopic spin
symmetry, when different electric charges of these particles
have been characterized using three-dimensional isotopic spin
space (instead of four-dimensional) [24–26]. In 1958, a sum-
mary of this theory, using an algebra for the classification of
hadrons, was presented at the Rochester conference at CERN
in Geneva [27]. In the algebra, descriptions of particles hav-
ing half and unit spins were joined. The algebra has eight
basic elements that are to be applied to each of three kinds of
basic strongly interacting fundamental particles: baryons, an-
tibaryons and mesons (existing antimesons are included in the
last octet). All these particles decay relatively slowly (with
the exception of protons and antiprotons that may be taken as
stable in a vacuum).
It may be assumed (based on experiments and the causal
ontological approach) that each hadron is a dynamic system
consisting of different subsystems which are bonded by stan-
dard strong interaction. These subsystems may be formed by
a great number of some super strongly bonded elementary
particles. If two subsystems have been formed, and a sub-
system obtains sufficiently strong deviating momentum, the
given hadron may decay and the subsystems become separate
objects (which may or may not further decay).
In higher energy collisions of hadrons, some excited states
may be formed (having much greater rest mass values). They
should correspond to the products of greater numbers of basic
octet algebra elements. These states, as well as correspond-
ing subsystems, should be in agreement with this requirement.
This holds also for states arising in consequent decays.
It is clear that, essentially, only the formation of two subsys-
tems may lead to corresponding decay particle processes. Dif-
ferent subsystem pairs can probably be formed in all hadrons.
These pairs may be changeable. The pattern of a decaying
hadron may be substantially influenced by the subsystem pair.
Different numbers and types of decaying hadrons may, for ex-
ample, be created in proton-proton collisions. The result may
be very different in dependence on impact parameter values
and geometrical orientation of two subsystem pairs existing in
the two protons at the moment of collision. The correspond-
ing subsystem pairs may also be responsible for the creation
of a different number of jets of different sizes, in dependence
on collision energy values.
The (weak) decay characteristics of the basic octet particles
were analyzed immediately after the presentation of the re-
sults in the middle of the 20th century. Much more experimen-
tal data is now available concerning the formation of many
new objects produced in, e.g, proton-proton collisions. It al-
lows testing of various aspects concerning the structure and
systematization of hadrons in greater details than it was possi-
ble in the past. However, a detailed analysis can only be done
on the basis of the causal ontological approach. No new the-
oretical scientific results (insight into the physical processes)
can be obtained using the phenomenological approach.
The analysis of particle properties and their systematiza-
tion was deeply influenced by political conditions in Europe
in the 1950s and 1960s. The evolution of corresponding
ideas occurred without the participation of the original au-
thors. The approach introduced in [24–26] was described
as an "eightfold way", but made no mention of the original
papers. It was modified (deformed) when the original iso-
topic spin algebra was replaced by the SU(3) group. Baryons
were assumed to correspond to 3 quarks and mesons to quark-
antiquark pair. However, much more complicated combina-
tions of quark or anti-quarks were attributed to some hadrons,
even from basic multiplets (e.g., to pi0). Quarks have not
yet been observed. The systematics of hadrons based on
the SU(3) group differs significantly from the originally pro-
posed systematics based on the isotopic spin algebra. Some
quite arbitrary assumptions were added in the SU(3) group
approach. Models of hadron collisions based on this approach
cannot help in understanding the pattern of experimental data
established at different energy collision processes. Conse-
quently, the contemporary classification of hadrons based on
the SU(3) group approach, and the interpretation of corre-
sponding quarks as constituent particles of hadrons, is hardly
acceptable.
VI. MORE MISTAKEN ASSUMPTIONS
The preceding section concerned itself with conceptual
problems. Mistaken assumptions, however, have also been
included in models of individual physics problems. These as-
sumptions should be analyzed and resolved if our knowledge
of fundamental reality is to expand.
A. Collision S-Matrix and its Unitarity
Collision processes have usually been described with the
help of an S-matrix (to determine the transition probabilities
from individual incoming states to outgoing states). In con-
temporary approaches, as required in CQM, all possible elas-
tic states of two colliding particles have been assumed to be
represented by vectors in very simple Hilbert space (without
any subspaces). The corresponding vectors in Hilbert space
have been defined on the basis of corresponding wave func-
tions only. Its derivatives, according to space coordinates (di-
rection of corresponding momentum), have not been taken
into account. It has been required for this S-matrix to be uni-
tary, which has been interpreted as the consequence of proba-
bility conservation.
Such a requirement, however, is not acceptable in Hilbert
space, where incoming and outgoing states of colliding par-
7ticles belong to different subspaces. Other outgoing sub-
spaces must be added if some inelastic collisions also exist
(see sect. V A). In such cases, the S-matrix cannot be unitary -
the sum of elements expressing the transition probability from
one incoming state to the set of all possible outgoing states
should be equal to one. This problem is analyzed in greater
detail in [28].
B. Elastic Scattering, the Optical Theorem, and
Characteristics of Incoming Collision States
In the case of the elastic scattering of two particles, it is
commonly assumed that the so-called optical theorem is valid:
σtot ∼ ImF(θ=0) ; (8)
That is, the imaginary part of scattering amplitude F at zero
scattering angle θ is required to be proportional to the total
cross-section. The theorem was used in optical analyses on
the basis of experimental results. However, its validity has
never been determined exactly in particle physics [28]. The
influence of the distribution of incoming states, in dependence
on impact parameter b, has not been considered in attempts to
derive an optical theorem in particle physics. Great deviations
from reality may be obtained if this method is used in strong
interactions, when only a very small part of incoming states is
influenced by these interactions.
According to nearly all contemporary models of elastic col-
lisions of (charged) hadrons, elastic collisions should be inter-
preted as central processes: The mean impact parameter cor-
responding to elastic collisions should be lower than that of
inelastic collisions. The structure of colliding particles that
should correspond to this behavior has, however, not been ex-
plained in the literature. This kind of transparency of particles
during elastic collisions, even at b = 0 (i.e., head-on colli-
sions), does not correspond to the usual ideas of collisions of
two matter objects. It was shown as early as 1981 that the
models suggesting centrality of elastic collisions were based
on arbitrarily and unreasonably chosen assumptions.
Mathematical models may be, however, modified to obtain
the peripheral behavior of elastic scattering at high energies.
It has been shown explicitly that protons may be interpreted
as rather compact (non-transparent) particles that may collide
elastically only at higher values of impact parameter. They
break up at high collision energy values if the corresponding
value of impact parameter is very low. A detailed discussion
of analyses of experimental data under different assumptions
(using the so-called eikonal model) and their impact on char-
acteristics of protons may be found in a recent paper [29] that
also includes a summary of historical context.
There are other unresolved problems with contemporary
descriptions of the (elastic) scattering of two particles (see
sect. 6 in [30]). In [30], one can find an historical context for
descriptions of elastic collisions of (charged) hadrons in de-
pendence on impact parameter. It is necessary to start from a
causal ontological approach and to introduce the probabilities
of collisions in dependence on impact parameter to solve the
problems and open questions. In sect. 6 in [11], one may find a
very preliminary model of elastic particle collisions that cor-
responds to ontological approach requirements and that has
been applied to experimental data. This new probabilistic
model explicitly shows how to describe elastic scattering as
a peripheral collision process, without using the optical the-
orem. It also shows how to solve some problems discussed
in [30]. One expects it will be possible to obtain even bet-
ter results if the model is further developed and outstanding
problems addressed.
C. Different Kinds of Force Actions
In the framework of standard classical physics, only forces
that correspond to electromagnetic and gravitation potentials
have been considered. These forces are non-zero at any dis-
tance and diminish with increasing distance. This is usually
described with the help of a potential whose source is in point
centers (represented by individual particles in a closed sys-
tem). However, in the microscopic region, strong forces also
exist that can hardly be described by a similar potential.
It is clear that the influence of strong interaction should not
be interpreted as existing at a greater distance: Strong inter-
actions can be interpreted as contact interactions. But com-
plications arise. These microscopic objects should not be de-
scribed as spherical. They may, for example, be interpreted
more generally as elliptical, with variable lengths of axes cor-
responding to change caused by internal dynamics. Therefore,
a new way of describing the influence of corresponding forces
must be found. The comparison of collision results at different
impact parameter values, and at different energies, might pro-
vide the necessary information. Detailed characteristics de-
rived from analysis of elastic collisions of different particles,
with the help of the new probabilistic model (see the end of
sect. VI B), may be very helpful in this case.
D. Maxwell Equations and Speed of Light
Another important problem concerns Maxwell equations.
They represented decisive progress in physical research on
unified electric and magnetic phenomena. However, identi-
fication of the velocity of electromagnetic signal transfer with
light velocity probably halted further significant progress in
this research. As explained in [31], Maxwell obtained for this
velocity a very high value, but less than light velocity. He
identified the velocities and made them equal (at that time,
light velocity was regarded as a fundamental quantity). This
conviction holds until now, even if Einstein’s discovery of the
existence of photons fundamentally changed the previous ba-
sic physical concept. It is possible to say that two very diverse
physical concepts in this region have been accepted in differ-
ent cases.
There are, consequently, two fully unresolved questions.
The first concerns the basic properties of photons: Their in-
ertial and rest mass values have remained essentially unre-
solved. The possibility of interpreting photons as a kind of
8mass object has not been sufficiently tested. The second con-
cerns the problem of electromagnetic signal transfer in open
space that might be mediated by some not-yet-identified ob-
jects existing in it. How this transfer is related to photons must
be analyzed in greater detail. It may not correspond directly
to light velocity.
E. General Theory of Relativity and Speed of Gravity
In 1916, Einstein published [32] the general theory of rel-
ativity (GTR), which tried to generalize STR and Newton’s
theory of gravity. GTR is reduced to STR in a limit case
of inertial reference frames and no presence of gravity. The
problems contained in STR, and discussed in sect. V B, are
involved and also concern GTR.
It is often argued that classical physics failed to explain the
perihelion precession of Mercury and that a formula derived
by Einstein in 1915 [33], in the GTR, explained the effect.
Addressing this problem is complicated - and depends on how
one chooses to define "classical physics". Newton’s classical
theory of gravity assumed an infinite speed of gravity and did
not predict any shift of Mercury’s orbit (which is relatively
very small; it took several centuries to observe it). The speed
of gravity is assumed to be equal to the speed of light in GTR.
It is not widely known that the formula presented by Einstein
in 1915 was, in fact, derived much earlier by Paul Gerber,
in 1898 (i.e., 17 years before Einstein), in the framework of
classical physics [34]. Gerber considered the finite speed of
gravity and derived, on the basis of observations of the shift of
Mercury’s orbit, that it should have a value very similar to the
speed of light. The question of the explanation of the observed
shift of Mercury’s orbit is even more delicate due to the fact
that several effects are used to explain the total observed shift.
The "Gerber-Einstein" formula is assumed to account only for
small part of it. Further valuable comments may be found in
[35].
The value of the finite speed of gravity is an open question.
One should acknowledge it may be different from the speed
of light. As explained in sect. V B, GCP can be used to de-
scribe the different dependences of inertia mass increase with
velocity. One may, therefore, ask how significant these two
effects - the finite speed of gravity and inertia mass increase -
are in explaining the perihelion precession of Mercury. Cor-
responding analyses may be performed in GCP - while STR
and GTR are not useful in this case. GCP may also aid the
understanding of several other assumptions, such as the ex-
istence and origin of dark matter and energy, that have been
used to interpret (alongside the GTR) a range of astrophysical
observations.
F. Goedel Theorem
Another significant influence on the evolution of physi-
cal thinking in the 20th century was the work published by
K. Goedel in 1931. His famous incompleteness theorems
have been commonly interpreted as general proof that a com-
plete and consistent set of assumptions for all mathematics
and physics does not exist. This view has corresponded to
phenomenological trends and, like CQM, has been generally
accepted. However, there has been no known effort to test
Goedel’s overall conclusions, which continue to exist mainly
in the German language.
M. Hirzel has attempted to translate at least some of the
main parts of Goedel’s original arguments into English. He
has called attention to some significant difficulties: Goedel’s
original approaches were formulated in an unusual notation.
Consequently, Hirzel has declined to express his clear stand-
point on Goedel’s results (his view may be found in [36]). It
is evident that Goedel’s theorem can hardly be regarded as an
argument acceptable for physical theories.
VII. THE PATH TO TRUE SCIENTIFIC KNOWLEDGE
A. The Causal Ontological Approach and the Falsification
Approach
As previously mentioned, classical physics represented big
step forward in understanding the physical processes around
us. Because it was based on the causal ontological approach
to knowledge proposed in principle by Socrates and developed
by Aristotle, it also led to significant technological progress.
In Europe, this approach to knowledge was developed fur-
ther by Thomas Aquinas on the basis of natural science and a
Christian approach to the world. Detailed analysis by K. Pop-
per (1902-1994) in 1934 [37] showed that the approach has
been based fundamentally on falsification.
The world in which we live represents the basic source of
our knowledge and the basis of our reason. One may observe
physical phenomena or perform dedicated experiments to bet-
ter understand it. To explain an observed phenomenon con-
cerning a physical system one may try to formulate, on the
basis of logical induction, a theoretical model using a causal
ontological approach. That is, one may try to explain the
phenomenon in terms of assumed properties of the objects in
the system and their mutual interactions, taking into account
causal sequences (i.e., causes responsible for time evolution
of the system in space). However, any such model of phys-
ical reality is always based on assumptions that may or may
not be true. In the falsification approach, one should attempt
to derive all possible consequences of the employed assump-
tions. The existence of any contradiction (in the model or in
a model prediction when compared to physical reality) must
be interpreted as the invalidation of the employed set of as-
sumptions and must be regarded as part of our knowledge. A
new set of assumptions used for description of the physical
system must be formulated (or at least some of the previous
assumptions modified) and tested again. If no contradiction
is found, it does not mean that the given assumptions (and all
their consequences) are true - it means only that they are plau-
sible. One cannot exclude the possibility that a contradiction
may be found later. Our knowledge of the world we live in
was derived, step by step, on the basis of the iterative devel-
9opment of different models (i.e., the systematic study of their
assumptions) and their comparison to physical reality.
The approach to human knowledge described above and
based on causal ontology and falsification represents the only
possibility of obtaining accurate knowledge and making fur-
ther technological progress. However, this approach was re-
jected as the phenomenological approach described in sect. II
became dominant. Further details concerning possibilities of
true human knowledge may be found in [38].
B. Generalized Classical Physics (GCP)
All valuable contemporary scientific results have been de-
rived from the classical foundation. The relativity theory and
CQM (discussed in sect. V), based on the phenomenological
approach, were proposed and used to interpret experiments
that "could not be explained classically". However, it is possi-
ble to generalize classical physics and develop models based
on new assumptions to interpret these experiments without re-
sorting to new theories based on the phenomenological ap-
proach. One may (and should) interpret these experiments
with the help of causal ontological models - something that
was not sufficiently done in the past.
Regarding the dynamics of moving bodies, the main results
of classical mechanics have been based on Hamilton’s equa-
tions, in which Newton’s simplifying condition (the constancy
of inertial mass at any velocity value) was applied. How-
ever, Hamiltonian mechanics may also hold in more general
cases, including inertial mass increase with velocity. It is only
necessary to substitute the constant mass values of individ-
ual particles in the corresponding Hamiltonian in Hamilton’s
equations by those rising in dependence on velocity (see also
eq. (1)). It should then be possible to determine the inertial
mass increase with velocity for a given particle type on the
basis of experimental data (see the end of sect. V B).
It was mentioned in sect. V A that Schrödinger’s equation
may be derived (under certain limiting conditions) on the basis
of Hamilton’s equations (when it is rightly interpreted on par-
ticle basis according to Schrödinger’s original proposal). This
means that Hamilton’s equations may be used for descriptions
in both the standard macroscopic and microscopic regions.
GCP (based on generalized Hamiltonian mechanics) may,
therefore, be used for descriptions of all matter reality - in
the microscopic and macroscopic regions and at any value of
velocity. All three theories (classical mechanics, CQM and
STR) that are now applied to different regions of reality may
be replaced by GCP.
Regarding the classification of fundamental particles, it
must be concluded that instead of the contemporary classi-
fication based on the SU(3) group and quark interpretation,
one should return to the original isotopic spin algebra (see
sect. V C) - that is, to the three-octet system of stable or rel-
atively slowly decaying hadrons. To better understand the
structures and interactions of particles (including the classi-
fication of particles), greater emphasis should be put on de-
tailed analyses of decays and mutual elastic collisions of in-
dividual, relatively slowly decaying and strongly interacting
particles (belonging to the three octets). Focus should also
be applied to inelastic collisions that produce individual reso-
nances and small numbers of secondary particles. More atten-
tion should be devoted, too, to the structures and interactions
of small atom nuclei consisting only of several protons and
neutrons.
Important information concerning the structure and interac-
tion of colliding particles can be obtained if collision probabil-
ities (which may depend on corresponding impact parameters
at different energies) are properly taken into account. How-
ever, no contemporary model based on CQM or the theory
of relativity has so far been able to provide corresponding b-
dependent probabilities. A proposed preliminary probabilistic
collision model has been mentioned in sect. VI B. This model
has shown it is possible to analyze (elastic) pp scattering data
to obtain interesting characteristics of protons that have not
been determined previously. Important information concern-
ing the properties of particles from the basic octets may be
obtained if the model is generalized and experimental data of
different particle types are analyzed with its help.
The only way to progress in physics, therefore, consists in
using GCP. The falsification approach should be used to de-
velop models of physical systems formulated on the basis of
causal ontology. This is the only approach that may result in
real insights into a physical system.
CONCLUSION
Over the last century, the influence of the phenomenologi-
cal approach has completely overwhelmed the causal ontolog-
ical and falsification approaches. The goal of current physics
theory consists of formulating purely mathematical models
to describe a set of measured values. Usually, none of the
assumptions of these models, or the methods used to evalu-
ate the results of corresponding experiments, are examined or
even mentioned. Instead, any partial test or comparison to ex-
perimental data is considered sufficient to denote these models
as true (i.e., fully corresponding to reality). The phenomeno-
logical approach, used for descriptions of physical systems
in natural sciences (see sect. II), has led only to confusion
and complications. Over time, (see sects. III and IV), scien-
tific progress has been slowed or even completely blocked by
it. Phenomenological models have always led to unfortunate
deficits of insight.
It has been shown that two widely used fundamental the-
ories, CQM and the theory of relativity, are based on doubt-
ful, insufficiently tested or even mistaken assumptions. Use
of these theories, whose development was significantly in-
fluenced by the phenomenological approach, has impeded
real scientific progress. The systematics of strongly inter-
acting particles, based on quarks having strange properties,
is another proposition that has negatively impacted real sci-
entific progress (see sect. IV). Other mistaken assumptions
used in contemporary theoretical descriptions are discussed
in sect. VI.
In this situation, it is clear that new scientific knowledge
will be achieved only by returning to the basic approach
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to knowledge - that is, to causal ontology and falsification
(see sect. VII A). All historic and contemporary technologi-
cal progress has been based on this approach to knowledge.
In the middle of the 20th century the classification of
strongly interacting particles was proposed on the basis of
isotopic spin algebra using the causal ontological approach.
However, this systematization of the particles was later modi-
fied and deformed under the influence of the phenomenologi-
cal approach, see sect. V C. To remove these deformations one
should return to the original proposal on the basis of isotopic
spin algebra and analyze further the classification of hadrons
using also large amount of experimental data which were not
available in the past.
Important experimental results of the last century have con-
cerned the increase of inertial mass with velocity. This was af-
firmed in principle on accelerators in the first half of the 20th
century. The dependence obtained in the framework of the
theory of relativity has been accepted by the physical commu-
nity, even if corresponding systematic and detailed compar-
isons to experimental data have never been established (es-
pecially at velocities very close to the speed of light). The
increase of inertial mass with velocity can be described with
the help of Hamilton’s equations, where Hamiltonian mechan-
ics has been generalized (particle mass values in dependence
on velocity). These equations can be applied to physical re-
ality if Newton’s force law is slightly generalized (i.e., the
force determines the time change of momentum, not directly
that of acceleration). The same holds for Schrödinger equa-
tion solutions. They represent the superpositions of individual
solutions of Hamilton’s equations (if these solutions are inter-
preted on a particle basis). One may ask if it is possible to
make use of this generalized classical physics to also describe
other phenomena that led previously to the creation of funda-
mentally different theories of physical reality (see sect. VII A).
It is critical to test all possible consequences of the assump-
tions of a model of physical reality established on the basis of
logical deductions of the observation of matter (i.e., to apply
the falsification approach). The invalidity of models that have
not withstood falsification must be accepted - and these mod-
els must be excluded from further consideration. For physics
to move forward, all mistaken assumptions, discussed in this
paper and contained in widely used contemporary theoretical
descriptions, must be excluded from consideration.
This paper has identified the main conceptual problems in
contemporary physical research. Ways to solve them and ob-
tain real scientific knowledge in agreement with reality have
been proposed.
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